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by Fray (1950), Bell {1948}, Harding {1951}, Sharpe and
Stafford (1951), Chamberlain and Basley {1954}, Christie
et al. (1956) and several other workers. Hofstadler =t al.
{1951) used the instrument for the measurement of thermal
neutrons using a phosphor loaded with lithudm.

In the spectroscopical measurements of heavy
charged particles like protons and dsuterons and by observing
the recoil protons from a hy@ra ENous 3caﬁter r for high
energy neutron spectroscopy, the scintillation spectrometers
were successfully used and relatively good resolutions were
obtazlned,.

The scintilliation counter was, however, found
generally inferior to the proportional counter by Curran
et ale. {1949) for the B-ray spsctroscopy of weak rediations
but for energies greater than 200 KeV Bell et al. {1949,
1950) usad the PB-ray scintillation spectrometer with @
single anthracens crystal quits suceessfully.

The very high efficiency of the scintllilation
counter for yerays mekes it suitable for thé measurenent of
very weak sources. Natural ye-ray activity of 1al38 has
been successfully measured by Pringle et al. {1950) &Siﬁg
a HaI{Tl) crystal and that of gaa by Sawyer and Wiedenbeck
(1948}, The high ywvay'det@etiom efficliency of the
instrument has also bsen applied in medigal tracer diagnostie
work. GCassen et al. {1950} have designed a directional
“&%@1 counter for the loealigation of 1131 and Na®® Kohl

{1951) devised a samell phosphor photo-multiplier as a brain

needle for the logzli aalsp of brain tumours. For studies
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secur either by one single photo=glecirie intsraction op

by a aumbsr of Coampton collisions Follows
nteraction and subseguent absoryption of the

i
a=raye following svery photo-glestric process.

g Y “ &

If the X-rays resulting from s shotoeslsctric

s 3

interaction are not absoried is the crystal bubt s

1t, there will be another ?ﬂﬁk*ﬁ&iieﬁ Taszcape

enargy ﬁyw(EK~5L}, whare hy and By are the binding energiss

*

of the K and L electronic shells in an isdine stom

that the K-electron was knocked out in the photo-slectric

s g

process, and the vacangy is filled from the L shell. ZXeravys

e

produged in the subsequent filling of the L shell are totally

ervabale

the photo-pes

;-ed

those y-rays, which, after losing a anergy by

%

the Compton process in the secliavillasvion, manage Lo escane
from it thhwuﬁ farther intersction.

® *

Un the basis of the relativistic laws of conzsryation

aglaciron the naxzisum amount

aat amount of ensrgy ths

B} E? is the
A |

nave after a Compton process. This energy for a y=ray of
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INTRODUCTION TO PRESENT WORK

Since the discovery of the scintillation counting
technique in the present form cgﬁéid%rabie improvensnt in
the construction of pﬁ@%ﬁmaltipliers has beenb&ehieveée
For spectroscopic work DuMont tubes are geﬁ@raiiy favoursd.
Un the basis of the prineiyl% of scintillation counting
discussed before, it ﬁaé@s obvious that if the electronic
devices used in the experiment remain steady, the gain
(pulse height) and resolution of a particular photo-
aultiplier, mounted with a particular phosphor, should
depend only on the energy of the radlations interscting with

%

the phosphor and the pulse height versus gnergy curve should

£3,

be linear. But this does not appear to be the case. It hac

@

been known fsf‘aGMQtiﬁe that conventional photomultiplier-
sodium iodide crystal assemblies have been subject to changes
in gein and resolution occasioned by external and internal
effects other than the energy of the particles to be counted.
The great imp@rtanaé of the instrument, in the modera nuclear .
thsiés'r88@arch, attracted various workers to study the

behaviour of a photomultiplier under varying conditions.

(a) The Effect of Couhting rate

Caldwell and Turner (1954) = first observed the
dep:sndence of gain on counting rate. They used two yeray
sources. A h-curie Po-Be source {L.5 Mev y-rays and nsutrons)

was [irst placed 10 inches from the crystal to give

13 mrj{hour. The base line setting for 4.5 Mev y-ray was
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f observations. VWhen the base
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setting of the 4.5 Mev y-ray was then obsery @d

3% o -
the bzse lins 3 =

A slow gradusl incresse in it was

noted during the counting interval. In the same way

taking two sources of Csl?7 of }ﬂQ me and 5 pe and reversing
i

the progedure of th periment a slow decrease in the

of the wa@tem itiplier for U.46 MeV photoepsak of 5 ue souree

wag also observed. These experl pariorsed usiag
1 3/2%% » 1 1/2% Hal{Tl) crystals and Dulont-6292 and
A0A=5819 photo=-nultipliiers. For the 45 Hev y=ray 1 the in-

0 was ab the rate of avoub 15% ner hour after

"on the crystal was inereased from 13 nr/hour
Lo 45 ar/hour.

In addition to the slow change in zain meantionad
above a rapld effect has also %%%ﬁz“@?ﬁrt@d by Bell, Davis
and Bernstein (1955}, Usiag Duiont=6292 photo=nultinliers

ct
and s’ “?

n
radiation were obgerved as the coubiting rate was changed

by inersasing or decreasing the : 1etivity of the sample being

counted by the erystal. Bernstein tried four Dullont-6202

tubes. Three of them showed an increase in the galn s

the fourth one showed a decrease in the grin with the increass




26
inerease in counting rate was observed while Dulont =-5819

tuves showed no shift in the counting rate range used
<3 ]

1,

ney

(60 to 7000 counts/sec). Trying different sources &

have found that the chanze in gain (shift in pulse height

position) was not the same at a constant integral counting

it
30
ot
W
bty

or pulses of different energies. For the same change
in counting rate the change in zaln was less for low ensrgy
pulses than those of high energy pulses,

{B)_The Linearity of Pulse Height versus Energy

The fluorescent response of sodium ioddde erystals
or the gain of the photo-multiplier with sodium iodide
phosphor with radistions of different energlies has been the
subject of a number of experimental investigations. Thea
conclusions drawn on the basisg of the results obtained by
various workers on the variation of gain with ém@fgyg nowever,
are stikiazgly different, Fringle and Standil {1950) were
the Tirst to report non=linearity in the pulse height versus
energy curve below 150 Kev with a curvature corresponding to
Algher gain at lower photon energy, while Vest ot. al {1951),
Zriansen and Jenssen (1952), Bannsrman gt. al (1951) and a
number of other workers observed the gain to increass
linearly with the energy of radiation from 1 kev to 650 kev.
There does not appear to be any appreciable controversy in

the varistion of pulse helght with energy in the energy

e
£
gy’
&

Fon
g
%,4 "
pond
ot

above about 200 kav but below this energy the situation

seems L0 be controversal. Tayleor et. al(1951) renorted a

deviation from linearity in the galn versus ensrgy curve

below 1 kev but the curvature was in the opposite direction to
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Lhat acted by Pringle and Standil while Freedman et al {1953)
observed the same typs of variation as Pringle and Standil

in the range from 24 to 146 ksv, as did also Bernstein {1956)

studied the variation of gzain with energy from 10 kev to
1500 kev for NaI{Tl) crystal. He not only cbserved a pro-

3

nounced devi

the normal type of HaI{7l) crystal {1073 mol frsction T1}
observed that the light emission intensity {gain} riges as
the temperature is reduced from anormal room temperature.

reaching a meximum at about ~130°C, and thereafter decra

f‘&

aslang
as the temperature is lowered further. Seliger and Zieglsr
(1956} studied the gain of photo=-multipliers from =20°C to
30°C. He found an increase of response with temperature of
0.13% per degree centigrade for three HCA-5819 photo-tubes
and an inerease of 0.2% per degree centigrade for two

Dublont -6292 photo-multipliers. Kinard {(1957) studied the
gain of a Dulfont-0292 and RCA-5819 and 5655 photo-multipliers
from -20°C to 60°C using a 0.125 wc Cst37 source. He used

two tubes of sach type and found that differsnt tubes show

different temperature sensgitivities. The decrease in zain




was found up to 40% with inereasing temperature ia the

observed the decrease in Jdiﬁ with incressing tempersture

for RCA=6199 tubes in the same temperaturs range. The
galn-wes found to decrease from 0.2 to 0.5% per degree

{d}y?ﬂekeffeeﬁs of Magnebic Fields

There is practically no information in the
literature dealing with the effects of z»ﬂn@tic fields on
the periormance of the photo-multiplier tubss. Customarily

reference is made to the observation that the gai;

size on this topie is an unpublished report from the Univere
£ &

sity of Liverpool (England) +

1

privately and deals with the be

photo-tubes. These tubes have the venetian-blind type of
structure and @her@zar@ Q&Tﬁﬁ different from the Dullont Lype.

There is a passing reference to the effect of magnetie field

53 * *

on multipliers used for wass-spectroscopy by Inghram st sl
53} Thereis therefo ore, no vaéume of accessible information

(1953

on this topic.

3»‘:

(e} Variation of Resolution with Energy
It has been known than even when all the rarticlss
interacting in the phosphor have the same energy, the pulses

Y

coming ocut of the linsar ag@liflar are not of equal sizs, This

variation in magnitude of the ogtpuz pulses produced by monoe




dissipated in a phosphor is converted into a voltage pulse

1
the following processes are found to céntribute to the spread
of the output pulse distributioa for mono-en ierzetic particles.
1. Bmission of pnotons by the phosphor.
2. Collection of the emitted photons by the phote-cathode,
3. Emission of photo=-slectrons by the photo- ~cathoda,
CGollection of photo-electrons by ths first dynode an
multiplication by successive stazes.

E ‘ bt LYY HFL g gy 8 Y
18 no. Vhoermionidc emission of

Assuming that there i i

electrons in the counter and that the photo-cathode and

@

s are uniform and identigal in rsspons

Jodn

srived the following rélation between the energy

-
b
o AR
L%
fpore
ol
e
167}
£

of the iancoming particles and the fractional half width ?@
i

-4 3

fluctuations ocewrring in the processes mentioned above:

s

8 In2{ l'f%%n‘{

1oV, +
£ T

{W«QL,
Feart s

vinere'Vq' is the relative variance of the transfer efficiency,
'TY the probability of a photon producing a photo-slectron,
e avy

"K' the energy required to p’ud@aa a photon and 'E' is the

ymray energy. This equation will be considered in more detail
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() Description of Apvnaratus

The main apparatus consisted of a conventional
type of y=ray spectrometer, the b}ackvdiag?am of which is
given in Fig. 2. The power was drawn through a Sorensen
A.C. Voltage Hegulator Model 30008. The Cathods followers
used {five in all) were wired in the department using the
‘conventional eircaiﬁ. In all, three single channel Dynatron
Pulse Analysers typé N/101 were used during the progress of

¢ g

periments. Of the five linear amplifiers used, one

L g .
vhese ey

was Hamner's Osk Ridge dodel A-1D while four were laboratory
the

made based on Hamner circuit. The three low tension D.0.

ugits used were also wired in the department. Two H.T.

upplies, one Hamner Model 530 and one desi

3 o 3 ¥ 4
8 gned and made in

this department were used. The scalers used in counting the

pulses include two Glow Transfer counters AIC Hodel 1624,

o
g«d
pow ]
el
ot
WKE
-2

two THC 56-3A4 Scalers and one Hamner Secale of 256 Mod
’ﬁll th@"phatgmultiéiiers tried were Dullont types, viz, 6292
(four}, 6364 {two) and 6291 {one)}. Optieal coupling bétw@@ﬂ
the yhot&mulﬁipli@rg and the NaI{Tl} crystal was effscted by

;ﬁafning Silicone 200 fluid of 10° cenﬁisﬁakgsyviscasiﬁy«

Dow

Iﬂ the study of maznetiec field effscts on photo- .
multipliers, a small cathode fééi@w&x using the conventional
circuit was specially designed., The unit was so small that
it could be easily positioned inside a solenoid built for

tinis work. The ecasing and support of the cathode followsr

(=&
were made of non-magnetic substance (Aluminium)}. The solenoid
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mentioned above was also specially made f&? this work. The
solenoid was 00 cms long and 7 cms in 4i

layers of 18 gzauge copper wire wind

cm. The above sps clflcatanw Wey

the well known relation

10
to obtain the magnetie field of about 100 oersteds z2long the

axis of the solenoid for the maximum current of 5 5 amperes.

The theoretical result was then checked by measuring

magnetic field with the help of a swecxaily designed 2000 turn
search c¢oil and a fluxmeter. The linearity of the fisld was

checkaed by passing bhe currents of different magnitudes in

: &%

the solenold and measuring the field in each case. The uni-

£

A % i he solenoid over the volume

fﬁfmiiy of the ceabtral field of &
occupled by tﬁ@ photomultipliier assembly was checked by
measuring the field at a number of places in that reglon for
a constant c¢urrent in the solenoid. The mild steel shield

vwas wmade out of mild steel tubing of permeability of about 35%0.

(b} _Experimental procedure
Before starﬁiﬂg any set of ohservatiansﬁﬁ@ electronic
devices were allowed to settle for at least 12 hours, BSach
unit was continuously cooled by a fan in order to avoid over-

heatling of the el ectronics. OSheady cowditions were always

checked by taking observations at s intervals of ten minutes

for at least Lwo hours.

The detailed description of experimental procsdure

the
in each experiment is given 1ﬂ appropriasbte chapters.
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As -mentioned before Bell, Davis and Berastein {1955)

the géin of a photomultiplier as

cbhserved sudden changes in

=

evidenced by a shift in the uS

m

/ peak when the counbins

rate was increased by brinzing the source nearer 1o the
erystal. Also a slow change was reported by Caldwell and
Turner (1954) using two sources.

In the process of repeating these euveriments a
new effect has been observed., In addition to ths sudden
increase in the gain of a %ai(?l}w@aoﬁamultipli@r when the
counting rate is increased by decreasing the source-crystal
distance, it has been observed that thara is a slow cresp of
the position of the photo-pesak to higher discriminator set-

Fg

ting. This is not the same effect as observed by Caldwell

and Turner but is similasr in ite manifestations. After the
sudden change, the wovement of the photo-peak is rapid ab

)

first and then slows down attaining a final steady position

fter three and a half or four hours. A similar type of

*

decrease in the gain was also observed when the counting

rate is suddenly decreased by increasing the source=-crystal

distance. These variations are shown graphically in Figz. 7

3

for a Dulont-6292 mounted with a 177 x 1'! HaI{Tl) crystal
source and changing the distance fré% ingches /0

. o BF
using a Zn 5 g

P ) 4 /0 .
to inches in the first case and inches to inches in %the
o .

~

second,

In order to be sure that the effsct is associated

only with the photoemultiplier, a number of precautionary
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measures were adopted and numerous experiments were ey e
formed. To avoid fluctustions in the supply of the =ains,

the power was drawn through a Sorensen 4.Ce =Valtaze

by

Regulator. The overheating of the electronic devices was

ing a fan for esch unit. In

fa

prevented by cog%iﬁaagly u
order to eliminate the effect of temperature on the photo=
multiplier only those sets of @bgarva%iéég were taken into
account over which the changes in room temperaturs were not
appreciable. The y~ray beam was collimated %y keeping the
source in a 1/2'7 diameter hole made in a l l/2%t x 1 1/21% x 2o
Llead block, the axis of the hole aggrmximaa@ly coineciding

with the axis of the photo-multiplier, The HaI{Tl) crystel

[l

thick, having a circular opening of about 1/2% diameter in
the side facing the SOUrCe.

In order to cénfirm thst this effeét does not
have 1ts origin in the associated electronics a number oX
experiments with one Dulont=-06292 mounted with 197 x 1¢2
NaI(7l) were performed. OChanging one unit at a time, all
the main electronic devices, like cathode follower, linear

amplifier, pulse height selector and D.C. Voltaege supplies

s

o

were changed. The same photo-multiplier was then taken %o
another room and the same expsriment was periformed with en-
birely new set of clectronic apparatus which wes in use for

another experiment altogether. The results obtained in all

;’p. ,

these ewperiments agreed within the experimental srrore

further confirmation wes done by feeding the pulses from a




pulse zansrator, {of avpproximately the same magnitude as

obhgervations were repsated

a number of times by taking different amplifier, hizh

&ﬁ%

_____ gension and pulse height selector sebtings. All the ax-
periments mentioned above confirmed the ldea that the eifect
isyenﬁiraly the property of the photoemultiplier assembly,

and the effects were reproducl ale«

- Before Sﬁ;rtiﬁg a set of observationsthe elecironic

i

davices had been sllowsd to sebtle for al lsast twelve

hours with no source in the viecinity of the counter. Taking

the results shown in the Fig. 7 as a typical sxample the

-

experinental procedure and the derivation of resulis are

described in the Léli wing paragraph,.

m

After the elschtronic devices had been allowsd to

65

*

settle a Zn sourcs was placed inside the scurce carriesr

at a distance of &/W0ins, from the crystal. The reading of
the position of the photorpeak of the 1,114 Mev yeray was
immediately taken as dete: miﬂ&d by the single channsl pulse
height analyser with a 0.5 volt channsl width. The position

of photo~peak was then taken after every ten minutes for

at least Tour hours. After the galn had been found %0 have
reached its steady value, the source was then guickly moved

&, N -
a distance of W'ins {rom the crystal and the position of

F

Xs)

.

pulse height was recorded for a further period of about four

hours as done before, taking readings after svery ten minutes.
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The counting rate of the %ﬁ@%ﬁ*y@%% of ths l1.114 Hev

yeray was 3000 counts/min vhen the source was /0 ins from

the crystale Uver a four-hour puriod the photoe=paak

from 33.25 volts to 35 volbs Lo abtbain ibs steady
this counbing rate. When the source was moved from 10 ins
Lo 4 Ins. the counting rate of the photo-peak incrsasad te

L2000 countsimin. The position of the photoepsak was

found to have shifted m&éﬁ%ﬂ&f by about 1% and thersafber

the long tera variztion ssbt in reaching a fingl steady

of the counting rate of shoto-peak from 3,000 counts/uin
vo 12,000 countsfmin. the ghift in the peak position in-
cluding the sudden change was ovserved to be about 2 velss

Ltavel of 35 wolbs to the next

froem its previous stead
steady value, s change of about 0% In all four Dublonb-5292,

o Dullont=6304 and ons Dulont-56291 tubas were ezamined.

};‘a

Ei )

Tubas 06292 and 6291 were mounted in 4iffersnt combinations

with two 177 x 1% and one 1%Y x 1 172%% HaI{7Tl)] crystalse,

while Dullonb=0364%s were mountaed with two 39% x 29¢ Ha1{7L)

grystals. Uptical coupling betwsen the crystals and shoto-

A1

— ,
multipliers was

done by Dow Corning Siliconme 200 fluid of
1,000,000 Gs. The type of variation in gain with the count-

-

ing rate was found the same as mentionsd above but the

iitude of the shift varies cons zidersinly as

individual photo-fubes, an observation which further helps
to confirm the beliel that this affect does not have ibs

origin in the associated slactronics. e onw of
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the two 636Ls shovwed pras tically no sudden or slew shift

while 21l the others £8ve a variation similar to that sho Wi

For a given y=ray the final position of the peak

Q\j

pulse helight varies 11 nearly with the lozaritha of the
¢counting rate for a particular photo-multiplier assembly,

3 * P .

A typicel set of observations showing this is given in Fige e

K3

For yerays of different energies the shift in the photoe
peak for a psrticular photo-multiplier aSs@mbly is determined
not only by counting rate alone but also by the energy,

iegs, by the size of the individual seci tillations, ?h%‘
effect is therefore dependent on the mean tube current,

Coneurrently with the shifts im the position of

the photo=peak, the ch @nges in the resclution of the plactow
veaks have dl%@ been noted. In every instance, as the
photo=peak moves %o higher dﬂscr?%znﬁzar setiings with tine
the resolution improves. The lmprovement always exceeds

that to be expectsd had the photo=peak been simylg; trang-
lated to higher diseriminator values with pressrvation of
1ts shapes It is clear therefore that the photo~peak
asrrows somewhst when the galn reaches its aﬁmady value,
is2s, the statistical spread is reduced. A typleal set of
obsarva%iansa“mwln the variation of resolution with Lime
igher diseriminator values
is given in Fig. Q.

It is not sasy to anderstand fully the nature or

the reasons for these effects. Space charge effects can be

ruled out for there the gain would be expected to fall with

inereasing tube gurrent, and further, even the highest
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One recommended procedure for effective shisldir
reported by {I.R.E.Trans. Nuclear Scisnecs 1956} has been
to axtend the shield bevond the rhoto=cathode for a distance
qual to the radius of the tubs., From this sstudy it would

seem that a distancs equal to the diameter would he more

i
It can be observed that the ra olution Aas deteriorated
&

.

s
S along with the shift in gain of

hould be expected.

(9]
e

No information regarding the effect of esrthls

5]

nagnetic field on the gain and resolutien of s photo-

s
multiplier could be obtained im the lite raturs. The only

catlon from Dr, 8, Standil of the Universis v of Manitoba

*

a L3 e & £ . | P ey oy e E = sy " e 1
Using a Dullont~6364, he observed appreciable changes in the

gain of a photomultiplier By reversing

2
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As mentioned in a previous chapter the spread
of the output pulse distribution for mono=-energstic
varticles is caused due to statistical fluctuations in
the variaus<pracassé3 by which the energzy dissipated in
a phosphor is converted into a voltage pulse at the out~
out. The pulse starts with the interaction cf incoming
radiations with the phosphor. Only a part of the energ
logt is stored in the flourescence centres and then con=
verted into a light guanta, There may be fluetuation&l
in the number of photons iiberat@d per scintillation not
only due to the normal statistical fluctuations but also
due to the local variations in the luminescence efficienty
of the phosphor. Uf all the photons liberated in the
phosphor, however, only a part reachss the photo=-cathode,
Some are absorbed in the phosphor itself and soma ars lost
by absorption and reflection in the light guides Here
again the normal statistical fluctuation in the number of
photo=electrons liberated by phoﬁens ocecurs. As successive

scintillations do not take place at the same point in the

" phosphor the photon collection efficieney of the photo=-

cabthode will be different for @achvphetoa of each scintile
lation., Some of the photo-edectrons liberated from the
photo=cathode are lost in the region between the photo=
cathode and the first dynode. The normal statistical
fluctuation in the multinlication process is therefore the

sum of the fluctuations in the fraction of the photo-zlectrons




3 x 2 E e Ty et PO T T Ty oy oot oo L
Brictenberger (1955), assuaming that there is

T R I o £ onps 4 s o - PR RS T -
ne thernloanic emission in the counter zand that the photo=

cathode and the subs eguwmt dyanodes sre uniforam and id@vitcai

of the incoming particles and the fractional half wiinz”%
(full width at half maximum) on the basis of the statistical
fluctuations mentionad abav» Following is & simplifisd

version of how he has derivad this important relation,

The tobal ausber of alectrons 'Q! rsceived by

S Soed

2
o

4 ¥

the anode of the photo-multiplisr is the product of the
aumber of the photons *X? and the probability *TY Lhat such
a.ehatvn will produes a photo-electron from the Light
ive aurf%e@ wilch succeeds in reaching the first dynod
multiplied by the photo=multiplier gain 'H'. The ampli=

tude of the output pulse is propertional to the guanbity 714°

and fluctuates about 1ts mean value:

¢ = XTH

with a relative variance ?V,.°* given by:
%G

¥ & i { 7o) 7 o = o= {1}
J% ?T*(z@aﬁé);z% _ (1)

where VT is the relative transfer efficiency. It is here

assumned that the distribution is Poissonian i.e. that the

=13

mean value ecuals the variance or alﬁerngtlvelv the re-

ciprocal of the mean value eguals the relative variancas

3

The line shape of the photo-peak is not mathematic ally a
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Gausgian curve but in orsctice it deviates so slightly

o kS i > - - 3 Ty on 3 g T
from 1t that to a soo0d 2 7 1t can be desoribed

5y » ) P S E+ 2 . 5 2 - e &= o
normal orobability curve we et

ais has a maximum valus at =0 and falls %o half value

wien @"tfz = 1j2 or t%= 2 In2. The square of the full width

is then 4t or & ln2., The relative
2

R ed
o
i

w5

Y

fo

is here equal to un 5

&

As hare‘é&fined‘yz also represents the full width at half
h&éght when the ye-ray photo-peak is drawn in the usual
manner. Also i'” B/K where 'E' is the y-ray energy and FXK1
is the mean energy required to produce a photon in the

crystal. And hence

/% = 8 IQZ?T *

=+ B/B e~
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The second experiment would test the conclusions of Risi

and Zappa. If the observed improvement in.r@saiuﬁien wWas
due to multiple interactions at nigher ensrgies in small
crystals, the substitution of a large crystal should greatly
enhance the number of these aultiple interactions because

of the well known reduetion of the Compton distribution
relative to the photo=-peak in .ch phosphors. If Bisi and
Zappa are correct the large crystal shoulﬁ yield’??~l/§
graphs with pronounced &eviaﬁigﬁg from linearity siartiag at
a lower energy than that observed with small ¢rystals. The

results obtained are as follows: -
(). 14x1" Crystat

Energy HeV 7? /8 ?52
0,511 11.76 1.957  138.29
0eb6H2 .89 1.510 97.81
1.114 7022 0,8978 52,12
1.28 6.91 0.7813 47.6

The experiments were performed by taking three sources viz.
2365, 63137, Na®2, The variation afv& with 1/E is shown
in Fig./8. Results are in agreement with those of Kelley
et al. and Bernstein,

Only four points were obtainable at this time
(all > 500 keV) owing to the non availability of suitable
sources of y-rays of lower energy. However the linearity

between O.5 and 1.28 MeV energy shows a result at variance

with the findings of Bisi and Zappa.
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1,

he work

The main conclusions, on the vasis of ©
2

gals, for variocus eifscts

h
the gain and resclution of a scintillation Nal{l i) counber

using Dullont typethotoe-multlpliers ecan be ﬁummarlﬁﬁd a8

{a) BEffect of couanting rate

The gain of the photo=-multiplisr varies with the
logarithm of the counting rate for a particular energy of

the yeray. For a particular counting rate the variation is

prosortional to the ensrgy of the ye-guanbum. For relis

results the counter should be kept counting for st 1
four hours before taking any observation.

For the work wisre more than one source is to be
used the intensities of the scurces ghould be such Lhat the
‘bube currsnb in each case remains the same.

The results of Bell, Davis and Hsrrsteln were cone

with a slow inerease in gain with time be-

coming steady after about four hourse.

(b) Bffect of axisl maznetic fisld

There is no appreciable affect of earth's maznatic
field on DuMont-6292 tubes. On the otherhand for fisids

over fewoerstads ths

with dnereasing magnet

mu=mebal shield is
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ie} Effect of temperature

There does not appear to be any change in the
resviution of a photo=nultiplisr with temperature sround
room tempasrature. The results obtained for the variation
of gain of a photo=maltiplisr with temperature by various
workers do nobt agres. It, %uv@verg seemns thet around

y@@atdﬂ@ the gain decres with increasing teapesratupre
and may be as high as 2% per degree. It is therfore ade
visable that for accurate works the room temperature should
be kept approximately at the zame level over the entire
period during which the observations are btaken.

(d) Variation of Resolution with @q@rmg

This effect iz 4i

;...,

scussed in detail in the »revious

saection and it will be sean that there ra

e ins an unrg

conflict as to why & linsar gravh of’ 5%1 B is obtained for
R

larze crystals,
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